Introduction: Nowadays, enzyme-based removal of hazardous dyes that pollute the environment has been considered as a substitute and ecofriendly method compared to the physical and chemical method. The present study was conceived in order to obtain the optimal condition for laccase-mediated (purified from the Pleurotus ostreatus PKN04) decolorization of Remazol Brilliant Violet 5R dye; a mono-azo dye, using the central composite design of response surface methodology (RSM). Materials and Methods: The design of experiment was suggested with 6 variables including pH, temperature, incubation time, agitation, dye concentration, and enzyme concentration, which were applied in order to optimize the decolorization process. The kinetic and energetic factors of laccases for the enzymatic removal of Remazol Brilliant Violet 5R dye was investigated. Results: Decolorization of Remazol Brilliant Violet 5R was maximally 95.72%, which had occurred at 6.0 pH, 40°C temperature, 60 minutes incubation time, 50 rpm agitation, 50 ppm dye concentration, and 100 IU/mL enzyme concentration. The obtained results of kinetic introduced the laccase-catalyzed decolorization of Remazol Brilliant Violet 5R as an endothermic reaction with K m and V max values of 0.801 mM and 387 mM/ mg/min, respectively. In addition to the above results, the toxicity study against bacteria revealed that the toxicity of laccase-treated dye drastically reduced to the untreated dye.
Introduction
White-rot basidiomycetes are the most effective microorganisms to decolorize and degrade a wide range of dyes and pollutants. These fungi specifically attack ligninolytic compounds by producing oxidative enzymes, namely the peroxidases and laccases. 1 Laccase (benzenediol: oxygen oxidoreductase, EC 1.10.3.2) are a small collection of enzymes called the blue copper proteins or the blue copper oxidases along with the plant ascorbate oxidase and the mammalian plasma protein ceruloplasmin 3, 4 
among others.
Laccase is an enzyme secreted by many of the lignin degrading basidiomycetes and has been reported as an essential enzyme for lignin degradation in fungi without per-oxidases. 5 This enzyme catalyzes the oxidation of a wide number of phenolic compounds and aromatic amines but its substrate range have been extended to non-phenolic compounds in the presence of low molecular mass compounds acting as mediators. 6, 7 Most of the studies have been carried out with laccases from eukaryotes, principally with enzymes secreted by basidiomycetes being their distribution in prokaryotes more recently. Different industrial purposes for fungal laccases have been insinuated and they include paper processing, inhibition of wine decolouration, detoxification of ecological pollutants, oxidation of dye and their precursors, enzymatic translation of chemical intermediates, and production of chemicals from lignin. Before laccases can be commercially employed for potential applications, however, an inexpensive enzyme source needs to be made available. [8] [9] [10] Two of the most intensively studied areas in the potential industrial application of laccase are the delignification and pulp bleaching and the bioremediation of contaminating environmental pollutants. 11 The response surface methodology (RSM) which is broadly utilized in optimization processes, implicates a compilation of useful mathematical and statistical skills for analyzing the relationship between independent variables, responses, and their interactions through the construction of polynomial mathematical models which leads to time and cost saving. [12] [13] [14] In the present study, a central composite design of RSM as a very suitable design method was employed to acquire maximal removal of Remazol Brilliant Violet 5R dye supported by laccase. The kinetic parameters of laccasefacilitated dye removal process were investigated. The toxicity against different bacterial experiments were also instigated in order to assess the toxicity of laccase degraded dye.
Materials and Methods

Chemicals
Remazol Brilliant Violet-5R (RBV-5R) C 20 H 16 N 3 Na 3 O 15 S 4 Molecular weight 735.58 and λ max of 570 nm, 2,2'-Azino-bis(3ethylbenzthiazoline-6-sulphonate) (ABTS) was purchased from Sigma-Aldrich (Bangalore, India). All chemicals and reagents had analytical grade purity. The extracellular laccase of Pleurotus ostreatus PKN04 was purified using various methods. 15 Organism Pleurotus ostreatus PKN 04 was isolated from the decomposed wood and leaf litters of Chennai forest and grown in Sabouraud dextrose agar (SDA). The organism was screened for the production of laccase by ABTS method, subcultured to obtain pure culture and identified using 18s rRNA sequencing method. 16 Pleurotus ostreatus PKN 04 was grown in Malt Extract Medium (MEA) and the spores were washed and inoculated in the fermentation medium. 17 
Analysis of Enzyme Activity
The activity of the free laccase was assayed using 1 mM ABTS in distilled water as substrate. The reaction mixture consisting of 3 mL of 0.1 M acetate buffer, 4.5 pH containing enzyme was initiated by adding 0.3 mL of ABTS. Free enzyme by the addition of 10 seconds intervals at 420 nm Cary Varian UV/VIS absorbance measurements were taken by spectrophotometer. Ten beads, 2.7 mL acetate buffer and 0.3 mL of ABTS were incubated with shaking at 100 rpm for 5 minutes for immobilization laccase activity. To separate the beads at the end, the upper phase at 570 nm absorbance was measured. One activity unit of laccase was defined as the amount of enzyme required to catalyze 1 mmol/mL of substrate per minute. 18, 19 Dye Decolorization Experiments After preparation of dye solution (concentration range of 50-150 mg/L) in citrate-phosphate buffer (0.1 M, pH range of 3.0−8.0), the partially purified laccases (final activity of 1-2.5 U/L) were added to the reaction mixture and incubated at desired temperature (30-50°C) for 30-90 minutes. It was followed by measuring the absorbance of the taken samples using a UV/visible spectrophotometer at maximum absorbance of applied dye (570 nm). 20 Decolorization percentage was then calculated using the following equation:
A i is the initial absorbance of the reaction mixture and at is the absorbance after incubation time. The reaction mixture with the heat-inactivated enzyme was formulated (negative control) and incubated at similar conditions. All trails were performed in duplicates and the means of decolorization percentages were reported.
Response Surface Methodology
The central composite design has been developed to select the design points as the design of experiments ( Table 1 ) that minimizes the related variances and analyzed using FT-IR. 21 
Dye Removal Kinetics
Kinetics of Decolorization
After performing decolorization in the presence of different concentrations of dye (10-500 μM) at an ideal temperature and pH, the velocity for different concentrations of dye were determined. The MM curve was then drawn by plotting the attained initial velocity verses dye concentrations. Calculation of K m and V max values were performed by fitting the data to the Lineweaver-Burk plot, resulting of the Michaelis-Menten plot conversion using Hyper 32 software. [22] [23] [24] [25] Toxicity Studies on Microbes A series of testing were performed to evaluate toxicity of the synthesized metabolite following laccase therapy. The preincubated bacterial culture Staphylococcus aureus MTCC 740, Bacillus subtilis MTCC 441 and E. coli MTCC 443, Pseudomonas aeruginosa MTCC 741, and Salmonella typhi MTCC 3124 was prepared by incubating each bacterial strain in Muller-Hinton broth at 37°C and 150 rpm to reach the OD 620 of 0.2. Consequently, the untreated dye solution (final concentration of 100 mg/L) and the sample obtained from enzymatic treatment of applied dye (performed at the optimized condition) was separately added to the prepared bacterial culture media and incubated at 37°C. Changes in the OD 620 of each bacterial strain were then recorded every 2 hours for 10 hours. A negative control (cultivated bacterial strain in the absence of dye) was designed for each experiment. 26, 27 ℎ ℎ ℎ = (1 − 620 ) 620
Statistical Analysis
The data were obtained from duplicate experiments unless mentioned particularly and the experimental results were expressed as mean ± standard deviation.
Results and Discussion
Isolation and Identification of Organism The isolated organism was identified using the macroscopic and microscopic method. The microscopic features are as follows: spores 8-10.5 x 3-3.5 μ; smooth; cylindrical to narrowly kidney-shaped may be an epitype collection of Pleurotus ostreatus PKN04. 28 Optimization of Factors using Response Surface Methodology Optimization was done using the Central Composite Design (CCD). Results show significance as the R 2 value and the R 2 adjusted value are close enough and the error ration is less than 0.05. The interaction of the variables was shown in Figure  1 . The statistical outcomes (actual and predicted results) for the ideal equation was displayed in Table 2 . The F value quantifies the difference of the data about the mean. Also, the P value functions as a tool for examining the importance of every coefficient. The predicted R 2 value is logically accord to 
Enzyme Kinetics
The linear association among the initial velocity and dye concentration indicated that the decolorization is a first order reaction. Based on the MM and LB plots for enzymatic decolorization of Remazol Brilliant Violet 5R showed that V max was 387 and the K m value was 0.801. The Lineweaver Burk plot and Hans plot were also established for the reactions with the same values. The parameter space plot suggests the possible condition of reactions ( Figure 2 ).
FT-IR Analysis
The efficacy of the degradation was studied using FT-IR. The peaks present in the graph got deteriorated after the dye was subjected to decolourisation. The FT-IR spectra of the adsorbents display the number of adsorption peaks, indicating the complex nature of the studied adsorbents. In FT-IR analysis, several peaks were observed in the spectra which indicated that the adsorbent is composed of various functional groups which are responsible for binding the chitosan. The bands 2083.2 and 2090.5 shows the variation in nitrile group (-C=N), the peaks 1640.8 and 1635.8 shows the variation in alkene groups (C=C) and the peaks 676 and 684.2 shows the variation in carbonyl group (C=O). [32] [33] [34] There was significant variation in the peak before and after adsorption, which meaning that the high peak bond is stronger, so adsorption is more comparatively than the lower one ( Figure 3 ). The deformation of OH and NH groups at the peaks 3700-3000 cm -1 .
Conclusions
The laccase enzyme production by P. ostreatus PKN04 was successfully optimized through the application of RSM-CCD to achieve the maximum favorable cultural conditions for laccase based decolorization process. Quadratic model was formed using 6 factors in terms of pH, temperature, incubation time, agitation, dye concentration, and enzyme concentration to epitomize the activity of laccase. The coefficients of independent variables were calculated using Design Expert 7.0. Decolorization of Remazol Brilliant Violet 5R was maximally 95.72%, which had occurred at 6.0 pH, 40 o C temperature, 60 minutes incubation time, and 50 rpm agitation.
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